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PROCEDE ET DISPOSITIF POUR TUBER UN PUITS. NOTAMMENT 
UN PUITS DE FORAGE PETROLIER, OU UNE CANALISATION. 
AU MOYEN D»UNE PREPORME TUBULAIRE SOUPLE, 
DURCISSABLE IN SITU 

La pr&ente invenUon conceme un proc«< pour tuber un puits. notammeni 
ua puits de forage p^tiolier. ou une canalisation, telle qu'un gazoduc ou un olfeduc par 
cxemple. au moyen d'tme prffonne Uibulaire souple. durcissable injitu. par cxemplc 
thennodurdssable. 

L'invention conceme ^galement un dispositif permettant de mettre en 
oeuvreceproc^dl 

Dans la prfsentc description, et dans les revendications. on entendra par Ic 
tcmie "tuber" I-aciion deconsoliderun puits. ou une canalisation, notamment en vue de la 
reparer. en en iev£tam ia paroi d'un tube rigide. encore appel.f tubage ou chemisage. 

Par le tenne "prdforme- on entendra une structure tubulaire qui est 
initialement souple et diJformable et qui. une fois placde dans la zone du puits i cohsoli- 
der. est misc en forme cylindrique. appliqucc contrc la paroi du puits ou de la canalisa- 
tion, puts durcie pour se Her intimement et h demeure it cetle paroi. consiituam ainsi le 
tubage ou chemisage. 

Pour Ic tubage d'un puits de forage pdtrolicr. ainsi que pour dcs applica- 
tions similaires. il a Mjk iti propose des pr^fomies tubulaires souples et durcissables 
dcstm<cs i €.re mises en place & r<iat repli<$ longitudinalement - ^lat dans lequel ellcs 
possfedcn t un encombrement radial faibic - puis i etre diSplitfes radialcment. par applica- 
«.on d-un gonnagc hydraulique interne. Selon ceite technique, qui est notamment decriic 
dans les documents FR-A-2 662 207 et FR-A,2 668 241. la priforme poss*de aprfes 
d^pliement (ou d^ploiement) tadia). une forme strictcmeni olindrique. de diamctre bien 
deunminf. 

Un autre t>pc de pr<fonne connu. qui fait notamment I'objet de la 
demande de brevet Internationale WO.94/25655. au nom de la demanderesse possidc 
une structure tubulaire qui comprend un tressage de mfcches souples. compos^es dc 
fibres, qui s'entrccroiscnt avec un cenain jeu. de sorte que ia structure peuc s e.xpanscr 
radialement lout en se restreignant en direction axiale sous Peffet de Tapplication d'une 
surpnession & I 'intdrieur de ia prtffonnc. 

Ainsi. re.xpanaon de la prtffonne pent se faire en deux 6upes successives 
d abord par ddpliemeni. puis par expansion radiale ; on obtient ainsi un degr^ d'ex- 
pans.on nctiement sup<5rieur i ceux obtenus avec les prtformes souples mentionnees plus - 
haut. cc qu, pennei d'introduire ia pr^forme dans le puits 4 tuber, el Tamcncr en la zone 
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souhaitee, en la Taisant traverser des ouvertures de faible dimension, par exemple des 
conduits rigides d^j^ en place dans le puits, a>'ant un p!us petit diam^tre int^eur. 

Cette technique connue est tiis int^ssantc. dans la mesure ou elle permei 
de bouchcr des perforations apparaissant dans un puits de production, sans qu'il Taille 
5 retirer le tubage dijk en place, ct par cons^uent sans **tuer le puits'*. 

II est apparu nianmoins des difflcult^s pour mettre en oeuvre cette 
technique lorsque le puits est fonemcnt d6vie, c*est-li*dire possMe un axe formant un 
angle 6lev6 par rapport & la verticale. voire est horizontaL 

En efTet. lorsque le puits est vertical, ou sensiblement vertical, la pr^forme 
10 est naturelicment xectiligne (sous TefTet de la gravit6) et die descend rdgultirement dans le 
puits au cours de sa mise en place. Toutefois, elle risque d*£u« endommagfe par suite des 
Trottemcnts contre les parois du puits ou les diffdrentes restrictions se trouvant sur son 
passage. 

En outre, si le puits est dtvU, ou pr^sente des coudes. la prdforme se 
15 ddTonne en raison de sa souplesse^ et se positionne inoorrectement dans Taxe du puits, ce 
qui provoque des Trottements. voire des nsques de blocage au cours de son enToncement. 

La mise en place de la prdforme dans un puits fortement devie ou 
horizontal est done delicate, ct mcme impossible dans ccrtaines configurations. 

L*invention vise i rdsoudrc cc probl^me« en proposant un procddd de 
20 tubage d'un puits ou d'une canalisation au moyen d*une prfforme tubulaire soupic. 
durdssable in situ , qui puisse dgaiement s*appliquer sans proU^mes k des puits ou des 
canalisations non venicaux ou ayant une surface tnt^rieure risquant d*endommagcr la 
prfforme. 

Commc dans les precedes connus» on introduit la prdformc dans le puits 
25 ou la canalisation k I *etat longitudinalement repli^, puis - lorsqu *elle y a ^te correctemenc 
positionn^e - on la ddpiie par gonflage hydraulique pour lui donner unc forme sensible- 
ment c>iindrique, on Papplique contre la paroi du puits ou de la canalisation, et on 
provoque le durctssement de sa paroi. 

Le proc6d^ qui fait Tobjet de Tinvention est remarquable par le fait 
30 qu'avant d*introduire la pr^rorme dans le puits ou la canalisation, on Tinsere (provtsoire* 
mcni) dans un fourrcau amoviUe, qui est rigidc ou semi-rigide en direction longitudinalc, 
mats est deformable radialement, ei qu'on met cn place dans le puits ou la canalisation la 
prdfomie contenue dans son fourreau, ce dernier ^umt ensuite - en cours d'opdration - 
separ^ de la prdTorme puis - en Hn d*op6ration retire du puits ou de la canalisation. 
35 La pr^forme se trouve done prisonni6re du fourreau, et soutenue par. lui. 

durant toutc la phase de sa dcscente dans le puits ou la canalisation. Ainsi cette descente 
se fait sans difficultes* meme si Ic puits ou la canalisation est fonement ddvie. voire 
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honzomal. ou prtscntc unc surface de paioi risquant d'abimcr la prtformc. Dc prtftrcnce 
ie founeau prtsente une ceitaine nexibilit^. qui autorise dcs pareouis courtxs ou coudes 
Dans un mode prtfcremiel du proc«<. on insire la prtfonne paitiellcmcnt 
da« le founeau. de telle sone que son exuimiti libre ressorte de celui^d sur une cename 
tongueur. 

Dans ce cas. dans un premier temps on d^plie ladialemeni uniquemeni la 
portion de prtfonne qui ddpasse du fourreau. ct on 1 'applique centre la poioi du puits ou 
de la canalisaUon pour obienir une zone d'ancrage. aprts qud on exirail le founeau par 
tracuon vers I 'airiire (c'esl^^lire vers la sortie du puits). 

Cfe procMtf s'applique particuli&rement bien une pr^forme qui. aprfcs 
drfpLement radial, ei mise en fonne o'lindrique. est expansible nulialement par gonHage 



hydraulique. 

Dans cc cas, ia d^solidarisation de la Dn^fomii- ™r r 

* I W.U AWUilCUU 



s opfere avantageusement par suite du d<pliement radial de la portion de la priformc 
15 oontenue dans le founeau. aprts quoi s'opirent successivement le recraii du founeau et 

I expansion tadialedecettememe portion. 

L-invenUon conceme ifgalement un dispositif pour tuber un puits 

notammcnt un puits de forage p^trolier. ou une canalisation, au mo>en d'une prffonne 

tubulaire souplc. dont la paroi est thermodurcissable iiLsitu. crtte pr^forme 6tant 
-0 radialement ddfonnable sous I Wet d'une pression hydraulique interne entre un €m repli< 

Iongiiudinalemeniciundtatd<pli<sensiblementcyIindrique. 

Ce dispositif est remarquable par le fait qu'il comporte un <5quipcment de 

pose dc la prdfomie. monttf i I'extrtmitd d'une tige de commande tubulaire destinfc ft e,rc 

.ntroduue dans le puits ou la canalisaUon depuis une tele dc puits. cet dqu.pement 
25 comprcnant: 

a) un outiUage de pose et dc conlr5lc portant la prtffonne. aptc a fouroir h 
celleKTi le fluide hydraulique sous pression ndcessaire i son dipliement. et le cas 
ech&mu a son expansion radiale. ainsi que I'dnergie thenniquc nfccssairc au durcisse- 
mentdesa paroi ; 

^ b) un founeau amovibic solidaire de rextr<mit6 de la tige & TinKricur 

duquel est ensenfc au moins partiellement la pnJfonne. et qui est rigide ou semi-rigide en 
directKxi longitudinale. mais est d<«fonnable radialement de sone qu 'il peut Cire retire de la 
prefonne lorsquc celle^a se tiouve & I'dtat difAxt 

*'on ce«ain nombre de caractiristiques additionnelles 
35 avaniageuses. non limitaUves dc I 'invention : 

- le founeau amovibic est un tube fendu. apte t s'ouvrir pour iibtfrcr la 
prof onne au cours de son ddpliement ; 
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- la prfformc est solidaire d'un manchon ini^ricur arrachablc, radialement 
expansile pargonflage hydraulique« t rintdrieurduquel est introduit le iiquide hvxirauli- 
que foumi par routillage de pose et de contr6le et servant k d^plier la preforrne. cc 

5 ou de ta canalisation en mSme temps que Toutillage et le rotmeau ; 

- la prtforme est thermodurcissaUe et, son cbaufTage esc ri6alis6 par effet 
Joule, par Tinterrnddiaire d*un c&bie dectrique dtformable. ce dernier dtant stocks sous 
un faible encombrement dans une dwtlle qui est tnterpos6e enu^ Textrf mit< de la tige de 
commande et Toutillage et est solidaire dudit fourreau amovibie ; 

10 - oe dible a une longueur sensiblement 6gale k celle de la prdfonne mise en 

place ; 

- la prdrorme est dutiable et radialement extensible ; 

avec un certain jcu, dc telle sone qu*elle peut s*expanser radialement tout en sc rcstrci- 
15 gnani en direction axiale, le maiiriau constitutif de la prf forme dtant une resine polymcrisa- 
ble A chaud. dans laquelle est noyd ledtt tressage ; 

- le manchon intdrieur arrachable, radialement expansible, comprend 
egalement (comme la prfforme) un tressage de miches souples enti-ecroisdes aptes k 
s'cxpanscr radialement tout en se restreignant en direction axiilc, et qui sont emprison- 

20 necs enlre des peaux ini^ricure el cxtcrieure souples, certaincs dcsditcs mtehcs dtani 
remplac6es par des fils conducteurs d*dcctncitd, aptes ti chauffer la prfformc par effci 
Joule, qui sont connectfs dlectriquement audit cdble. 

D'auu-es caractdristiques et avantages de Tinvention apparaUront de la 
description et des dessins annexes qui en reprdsentent un mode de rfedisation preferentieL 

25 Sur les figures : 

- la figure 1 est une vue gdndrale schdmatique d'unc insudlaiion dc tubage 
mettant en oeuvre le prDc6dd de Tinvention ; 

- la figure 2 est une vue gdndrale. portiellement coupde. dc 1 'equipement de 
posedc la prdforme; 

30 - la figure 3 reprdsente un tressage de mfeches souples entrccroisees. 

constitutives de la structure de ia prdforme et du manchon qui scrt k Texpansion de la 
preforrne ; 

- la figure 4 est une coupe transversale schdmatique du manchon et de la 
preforrne h 1 *£tat longitudinalement repli^ : 

33 - la figure 4A est une vue analogue h la figure 4, reprf senunt 1 *ensemble a 

r^taideplie; 
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- la figure 4B est une vue analogue au.x figures 4 et 4A. rcpresentani 
rensembleir<tat<«plidctradialement expanse : 

- la figure 5 est une vue schAnalique. en coupe longitudinale. dc 
rensemUe consiitu^ par la priforme ei son manchon infiM«ir»,«^fc,k»- . 

5 - ia figure 6 est un difiail k plus grande dchelle de la zone de la paroi de la 

pr^fonne el du manchon qui est ri{€nnc6e V I a la figure 5 ; 

- les figures 7. 8. 9. 10. 12; 13. 14 et 15 sont des vucs schdmatiques 
similaires a la figure 2. destinies i illustrer les difTftentes <upes successives dc la mise 

m p" ^'^'^^^ P^*™"" conform^mem i l inveniion. 4 

10 1 aidederinstallationdelafigutcl: 

- ICS figures 11 et llA sont des coupes Uansversales correspondant 
respecuvemenl au plan dc coupe X I de la figure 7 et X I A de la figure 10. ces vues «tant 

desunees k illustrer ia fa9on doni la pi^forme se di<solidarise de «n« r , ^ 

passe de I Vtat repli^ k 1 'itzt cv'lindrique. 

A la figure 1, on a d^ign<f par ia rtf^rence P la paroi d'un puits de forage 
P<5m,I.er. dom une zone C doit *.re tuWe ; la paroi C est pr exemple une canalisation 
peiforie. Pour y acc&ler il faut passer dans une restriction R. 

L'installation de lubage. gtfntfralement ddsign<<e par la rdftfrence 1 
cornprcnd. de manifcre connuc. une t6te dc puits 12. une tige de cdmmande fiexible el 
•ubulairc 13 comportant un c4ble<lectrique int^rieur. un manchon de guidage 1 1 de ceitc 
Ugc - counimment appel^ "sas" . ct un dispos,t.f lO servant 4 pousscr !a Uge 13 dans Ic 
sas 1 1 CI dans le puits P. 

L extrtfmit^ libre dc la Uge de commande 13 est pourx ue d'un equipement 
de pose de la pr^forme. r€f<.renc^ 2. Ce. equipemen. est constitu6 essentiellemen. d'unc 
dou,llc cylindrique 4 fix6c A Pcxtrtn,,,^ libre de la tige 13. d'un fourreau rigidificateur 6 
coaxial i la douille 4 et solidai« de ce«e demiire. d'un outiUagc de pose et de con.rtMe 3 
log* dans le fouireau. et accoK 4 la douille 4. et d'une prdfoime souple 8 desUnfe i 6trc 
mise en place dans le puits pour le consdider. 

La pi^fomie 8 est poitte par un manchon expanseur inidrieur arrachable 9 
qu clle entoure. commc ccia est 66^ connu par le WO-94/25655d<j4 dt^ eu comme cela 
sera d&nt plus loin en nffirence notamment aux figures 5 et 6. fenscmWe prifonne 8 / 
manchon intineur 9. iniUalemcnt coherent, est rdfirencd 7. 

L-ensemWe 7 est enserr^ dans le fourreau 6. et rctenu par friction a 

1 •"^"««r<Icalui.d.Cettefrictionmaintient<galementroutillage3appliqu6.parsaface 
35 arn6re.contre la douille 4. 

Cet ensemble 7 est obtur« il ses extr^mit^s par des bouchons 9^ U 
bouchon 92 touHK. vers I arriire. c'est-i-dire vers la sortie du puits. est .nixxrsc pr un 
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conduil 30 qui le relie k l*outillage 3. Cc demicr comf^^nd dcs moycns apics h rcfoulcr it 
l*int<rieur du manchon, via le conduit 30, un (luide sous-pression foumi au disposiiir 
depuis la surface, c*esi*&-djre depuis la tftc de putts 12 au moyen dc la tige dc commandc 
tubulaire 13. ou par pompage du liquide du putts grdce & un dtspositifde pompage 
5 ccmtenu dans Poutillage 3. 

Par ailieurs, Tinstallation comprcnd un cibic 6lectrique 5, qui passe dans 
la tige tubulaire 13, ei est connects ^iectriquement ^ 1 'ouiiilage 3, par I *inicnn6diairc d'un 
cSbie soufrie SO. Ce dernier est cnroul^ ou replid sur lui^meme, pour presenter un Taible 
encoRibrement. et il est log< dans une cavit£ fcmnant rteeptacle pr^x-ue dans la douille 4. 

10 Les caUes S ct SO servent k alimenter en Electricity, via routillage 3» 

Tensemble pr^rorme - manchon expanseur int^rieur. afin d'y gdnfrer par efret Joule la 
chalcur ntfcessaire au durcisscmcnt dc la paroi de la prtformc. comme ccia sera e\pliqu< 
plus loin, ainsi qu*^ foumir TEnergte de pompage de Poutillage 3 et d*alimenter lous les 
sysi^mes de cmtrMe n^cessatres 6quipant cet outiliage. 

15 Bien entendu, le courant tflectrique est foumi depuis la surface, a partir 

d*un gen^rateur situE i Textdrieur du putts. tcli6 au cSble 5 apr^s sa sortie du dispositif 
10. 

Comme on le voit sur la figure 2, Tcnsemblc 7 consiiiu^ par le manchon 9 
cl la pr^forme 8 n*csi pas compl6icmcnt ins^rtf k Tint^neur du fcAirreau 6, 
20 On a d&igne par la reference 71 la portion de cei ensemble qui sc irouv e i 

rinttfrieur du fourreau, et par la rtfftfrence 70 la portion dcpassanic, cxidrieure au 
Tounreau. 

La partie e.xtdrieure a unc longueur Lo sensiblement plus petite que la 
longueur Li do la parlie intcricurc 71. A eel ^gard, il convient de remarquer que cette 
25 partie 7 1 a 6t6 raccourde artindellement sur le dessin (flgure 2). pour ne pas en af feeler la 
lisibiUtc. 

A litre indicatif, la longueur Lo est de Tordre de Im, la longueur Li dc 
Tordre de 10 h 30m, el la longueur Lj, qui coirespond au reste de r^quipcmeni (douille 
4 et outiliage 3), de Tordre de 4m. 

50 Comme on le voit sur la figure 11, le fourreau 6 est unc envcloppc 

tubulaire cylindrique fendue, c*csl-2i-dire incompl^icmcnt fermcc. Ceiic envcloppc, 
realis^c par exemple en ra6ial ou en matiire plastique, poss^de unc certainc rigidilc 
longitudinale, mais est facilement d^fonnable radialement dans le sens de son ou\ enure, 
comme on le comprend .ais^ment k la simple comparaison des figures 1 1 et 11 A . 

'5 Dans une varianle, on pourrait relier les bords en regard de la feme de 

Tcnvcloppc par des attaches pouvant se rompre facilement au-dcia d'un certain seuil de 
prcssion interne. 



PCr/FR9SAII«SI 



10 



15 



''0 



De prtKrence. rcnveloppe est relativemenl nexiWc ce qui lui pennet. tout 
en rigidinani convenablement I'ensemble 7 en direction axiale. de suivre des ira|ecti>ire$ 
non rectilignes (coudes ei courbes). par ddTortnaiion lat^rale. 

Dans rexemple iliustr^ aux fieures 3 ft ft l» r^Tnm^m a i 

int^rieur 9 possident tous deux une structure similaire. compost d'un tressage de fibres 
souples entrecroisi^ tel que celui dfcrit dans le document W0.94/25fi55 frHiti. 

Au besoin on pourra se reporter cette publtcauon. dont on considdrera 
qu'elle fait partie de la prtfseote description pour rintetpi^iaiion de PArtide L6I2-5. ler 
alinAi. du Code de la Proprifttf Inidlectuelle. 

On rappelera. en rif^rence k la figure 3. que les miches souples sont 
r<parties en deux sifries 700a et 700b entrelac^es. formaflt une stnicture tubulaire 
ddforroable. 

La sinjciure peut Stre rcpli6e lonBitudinalemenL 
pression interne - fiire "mise au rond", c'est-lk-diie confoimde en c^indre par dipli^mcT 
Si elle est ensuite soumise h une pression interne plus dievtfe. on obscne 
un d^placement relatif des deux series de mtehes. ce qui entratne simuluiniment une 
expansion radiale ct un raccourcissement longitudinal de la structure. 

Les mfeches souples son! formies de fibres aj-ant une bonne Resistance 
mccaniquc i la traction, par cxemple de fibres de carbonc ou de verre. et jouent le r6le 
d'armature ddformablc pour la prffoime et/ou pour le manchon expanseur de b pnSfomic. 

Les figures 4. 4 A et 4B reprfsentent respecUvemenl renscmWe 7 k V6m 
repM longiiudinalement. pour presenter une dimension tiansversale faiWe. ce mcmc 
enscmWc - r<!fdrenc<S T - mis au rond. de diam«tre D,. et enfin ce n,eme ensemble 
- reference T • t V6un radialement expanse, de diamfeirc Dj sensiblement sup<5ricur a D, . 

U diam&tre et l expansibiliti radiale de la prdfomie sont choisis pour que 
Dj corresponde au diamitre de la zone 4 tuber. 

Comme le montrent les figures 5 et 6. la prdforme tubulaire soupic 8 
possfede une paroi 82, en matiire initialement fluide, dans laquelle sont nov-^es des 
structures tubulaires conccnlriques tress^es 700. U maUfere Huide est une resine 
s> nthciique. thermodurcissablc par polymerisation & chaud. U prtforme est pouri uc 
d-une peau extirieurc 80 pr(fsentant une face exteme munie de depressions 801 ei dc 
reliefs802qui favorisent son ancragecontrc la paroi du puits ct amdiiorent lYtancheitc. 

Le manchon int^eur arrachable 9. qui est appeU "matrice" dans le Wa 
94/25655 ddji dt^ possMe une peau inlAieure 91 et une peau extdrieure 90. toutes deux 
en matcriau souple et flastique. entrc lesquels se liouvent la structure d^formable tressik 
700. L interf^acc emre la peau exterae du mandion et la paroi inldrieure 91 de la pr^forme 
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8 est traits, par exemple par enduction de silicone, pour qu'il y ait peu d*adherence entrc 
ces deux parties. 

La pr^fonne 8 entoure intimement le manchon tntdneur 9 qui, comme dijh 
dit, est obtur^ h ses deux extrtoit^s, de manifere Blanche, par des bouchons 92. Le 
S manchon 9 est fix^ k la pr^fonne 8 au moyen de manchettes d*extr^inii6 93, qui 
possMent des zones affaiblies 94, susceptiUes de se rompre facilement L*introduction 
d*un fluide hydiaulique ^ Tint^neur du manchon, en vue de son gonflage et - correlative- 
ment du gonflage de la pr^rorme - se fait, comme dijh dit. par une tubulure 30 qui 
ddbouche dans ie manchon et une ou plusieurs ouvertuics 300 de passage du fluide. 
10 L*outiUage 3 comporte une ou plusieurs vannes appropri^es, pouvant £tre 

commandoes depuis la surface* permetiant d^effectuer le gonflage et le ddgonflage du 
manchon. en contrdlant la pression durant Popdration, ou un dispositif de pompage 
r6alisant la meme fcxiction au moyen du liquide du puits. 

Certaincs des mtehes 700 du manchon sont remplacees par des conduc- 
ts teurs Olectriques (fits chauiTants) reli6s 6Iectriquement au c&ble SO. Ainsi, le chauffage du 
manchon intOncur et, corrOlativement, dc la prOforme peut etrc command^ aussi depuis la 
surface, par alimentaticm ilectrique des cables S et 50. 

Nous allons maintenant dOcrire une operation de mise en place de la 
prdforme 8 dans unc zone C du puits. 
20 L'cnscmblc 7 formO par la prtforme et le manchon se trouve ^ 1 'Otai rcpli< 

longiiudinalement. tel que celui reprdsentd aux figures 4 et 1 1. Dans cet dtat. il s*inscrit 
dans un cyltndre de diam^tre Do correspondant sensiblement au diam^tre intdtieur dc 
Pcnvelc^pe fendue 6 (voir figure 1 1). 

Ce diamitre Do est plus petit que le diam^tre des diffOrenis conduits ou 
2S auurcs restrictions R situOs dans le puits, en arri^re de la zone k tuber. 

Comme d6}h dit. seulc une partic dc longueur rOduite, en 1 'occurrence la 
partic 70, de Tcnsemble 7 ddpasse du fourreau 6. Par consequent, la pr6forme est 
soutenue sur la plus grande partie de sa longueur et possMe (avec son fourreau) une 
rigiditc sufrisante pour autoriscr sa progressim rOgulifere il Pinterieur du puits, meme si 
30 eel ui-ci est totalement ou en partie 66\'U. 

La icie de pose 2, el la pr^forme, vonl done 6tre poussees par la ligc de 
commandc 13 dans le puits* et s'y enfonccr progrcssivement, comme cela est s\Tnbolis< 
par la fl^che F aux figures 7 et 8. La tige creuse 13. de pr6f6rence en acier. posside une 
bonne rigiditd a.xiale, qui lui permel de pousscr sans probl^me la itic 2 dans le puits. 
35 Neanmoins elle est sufrisamment flexible pour sui vre les coudes ou autres courbures du 
puits. 
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'^'»™*'*"P"i'»o"<»ela«»naJ.sauonCpresenteenuneceriaiflezon^ 
pcrfoia^ons. ou autres ouvenures O. qu'on se pu,pose de recouvrir par le cubage Cesf 
anlire par la pnSromie polym^risfe * 

On cesse d'enfoncer U 

5 ^a-vejusceaa-ddidesouverturts0.posiyo„,ulcor«span 

DCS moycns de contr6le approprife. connus en soi. som prdvus qui 
pcrmcttcntdcrtalisercebonpositionncmcnL 

Par gonflage hydrauUque interne, la panic d^passanie 70. et cc«e parue 

d.amiireD2.qu.concspondaudiamititint£Heurdup«,U rp«ndrele 
Diffdrcnu moyens peuvent «ire prtvus pour que le ddplicment el 
i expansion nidiale se fassent Drioritai«,m<.„, P"cnieni el 

'^•'"'•P^«*^™P'«."«' possible d'emourer la partie 71 par des liens 
15 annular, doni ,a r^isW ™^ique es. suffisan.e pour empacher ,e d.^Iicme I 

cette poruon sous I 'acuon d'une pression interne moderee. n.a.s toutefois suffisante pour 
provoquer ia dtformation de la portion libre 7a 

On obcient ainsi un ancrage de la portion 70 contre la paioi du puiis en 
avan«dcsperforaiionsO(voirngure9). • ""P""S'en 

L'augmentaiion de la pression de gonflagc provoquc la nipiure des liens 
aj.ula.„s^^^^^ 

c. une jn.e au ron6 de la portion de pr^for^e 71. laquelle prend un d.an,..e D. (vo.r 

. « dtfpliement. le fourreau fendu 6 s'ouvre et prend unc 

conf.gurauonenfonnegdn<raledeU.r<«rencde6'lklar.gure llA. 

II rcsie solidaire. par son extnSmiti airitre. de la douille 4. 
Dans cctle conTiguraUon. le fourreau est facilement extractible e. peui 
gl«ser sur la pr^fonne mise a« ,ond. par u^action vers I Wre. Cettc tracuon. svn,bolL 
par la fltehe C 4 la figure 12 s'accompagne d'une mise sous .taction de la par.;e dc cSble 

du fonr^u. la longueur du cible ..an. choisie pour co.espondrc , la longueur du 
tubage. Le n^trat. se fa,, facilement car la pr^forme est ancr6: dans le puits. 

Dr«-n™. ^' * <^ompltten,ent retire de la 

cCrieTenftrV' ''^^^"'"^^ ''"P--" -'•^'^ 
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Toute la prffonnc vient alors s*app!iquer intimement contre la paroi du 
puits C. en recouvrant ies perforations O. 

De mantfere connue, toui en maintenant le manchon sous gonOage 

S la pr^ronne, par alimentation dectrique des Tils chauff ants pr6vus dans le manchon. 

A I'iswe de la polymerisation, on degonfle le manchon 9, qui se separe de 
la prffonne durcte - devenue tubage 8' - par rupture des manchettes 93 (Hgure 14). 

On effeccue ensuite une nouvelle traction G * sur la tige ]3« laquellc est 
toujours solidaire de la douille 4 et du rouneau ouvert 6* ainsi que, par rinienn6diatre du 
10 c&bie tendu SO, sur I 'outillage 3 et le manchon ddgonfl^ 9 (voir Figure IS). 
L*ensemble peut £tre ainsi retirf du puits. 

DiFKrentes formes de fourreaux rigidtficateurs amovibles pourraicnt €tre 

DT^vues : ce foumau doit £tre d*une hr^nne rioidit^ IrmoittiHiiMU t/wit mn Mee^aM* 
souplesse n^cessaire k son passage dans un sas non rectiligne. 11 doit s*ouvrir facilement 
15 pour lib^rer la prifonne el son 6paisseur doit etrc faible pour limiter son encombremcnt 
radial. 

Par ailleurs il doit pouvoir se refenner lors de son passage k travers Ies 
restrictions R en vue de son enlevement, grSce ^ une fonne appropride, par exemple 
Kgferement conique. 

20 Le diamfctre ci I ^aptitude A la dilatation radialc de la prcfonmc ci, conilaii vc- 

mcnt, du fourreau seront choisis en fonclion des OMiditions r^llcment rcncontrdes, et en 
parliculier du diamfetre de la zone de puits k tuber. A titrc indicalif. et non limiiaiif, ia 
dimension diam^trale Do de la pr^forme k Vtm repli^ pourra eire dc I'ordre de 60 4 
100mm, son diamfctre Di ""mis au rond*' sera de Tordre de 90 A 150mm, et son diamfetre 

25 D2 a r^tat expanse sera dc Tordre dc 170 & 220mm. 

La technique qui fait I 'objet de la pr^sente invention s*applique avantageu- 
sement h une preromie souple k la fois d6pliable et radialement expansible ; on nc sortirait 
toutefois pas du cadre de Tinvention en Tappliquant k des prdromics simplcment 
depiiaUes, mais non extensibles telles que celies dterites par exemple dans Ies documents 

30 FR-A-2 662 207 et FR.A-2 668 241 dejA cit<s. 

La pol>'m6risation de la pr^ronme n*est pas obligatoirement Taite par erfet 
Joule. Ellc pouirait 6trc obtenue par d*autres moyens de chauffage. en particulicr par 
introduction d*un iiquide chaud dans la prdForme, ce liquide pouvant du reste etre Ic 
meme que celui qui sen k la gonfler. 

35 La portion d'extrfmit^ libre de la pr£rorme, destin6e k reiser son ancrage 

initial, pourrait avoir une d^ronnabilite plus grande que le reste de sa paroi, par exemple 
par adoption d une ^paisseur de paroi (rius faible ou du choix d'une matiire diffcrcntc. 
Ceci permcttrait de s'afrranchir des liens de contention dont il a ^te fait 6tat plus haut. 
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REVENDICATIONS 

1 . ProcWd pour tuber un puits. notammeni un puits de forage pctrolier. 

ou une canalisation, atj movm rf*itn#» nr^r/wtMA »««kt.i«;.^ * — ^ z 

. ^ ^.w^...*, ^wwwcHiiv wupic. uuiwiakSMtojc in situ , seion 

lequel on introduit la prdfonne dans le puits ou la canalisation & rftal longitudinalemeni 

replie. puis - lorsqu dlc y a €t6 correctement positionn^ - on la dtfplie par gonnage 

hydraulique pour lui donner une forme sensibiement cylindrique. on Tapplique contre ia 

paroi du puits ou de la canalisaUon et on provoque le durdssement de sa paioi. canict^nstf 

par le fait qu'avant d'introduire la pr^fomie (8) dans le putts ou la canalisation, on 

I'insfcre dans un fourreau amovible (6). qui est hgide ou semi-rigide en direction 

longiuidinale. mais est dtfomiable radialement. et qu'on met en place dans le puits ou la 

canalisation la pnJforme (8) contenue dans son fourreau (6). ce dernier Aant ensuite 

sipui de la prifonne (8) et tetirf du nuit* 

- ( — — M V#<« 

2. Proc^di selon la revendication 1 , caiacrfrisrf par le fait que la priforme 
(8) est iTiUT£c partieliement dans le fourreau (6) de telle sorte que son entrimiU libre 
ressoite de celui-ci sur une certaine longueur (Lo). 

3 . Proc61£ selon la revendication 2. caiacltfrisf par le fait que dans un 
premier temps on ddplie radialement uniquement la portion de pi^forme qui dtfpasse du 
fourreau (6). et on I 'applique contre la paroi du puits ou de la canalisation, pour oblenir 
unc zone d'ancragc. aprts quoi on extrait le fourreau (6) par Uaciion (G) vers 1 'arriire. 

4. Proc«d scion I 'une des revendications 1 h 3. caract<ris« par le fail 
qu'on utilise une prtfforme (8) qui. aprte dtfpliement radial, et mise en forme cylindrique. 
est expansible radialement par gonflage hNxbaulique. 

5 . Proctfdd selon la revendication 4. caiacttfristf par le faitque la dcsolidari- 
sation dc la pr^formc (8) par rapport au fourreau (6) s'opfcie par suite du d^pliement 
radial dc la portion de la pr^forme contenue dans le fourreau (6). apris quoi s'opferent 

25 successivement I 'arrachemenl du fourreau (6) et I 'expansion radiaie de ladite portion de 
prdforme. 

6 . Dispositif pour tuber un puits, notamment un puiu de forage pctrolier, 
ou une canalisation au raoyen d'une pr^forme tubulaire souple, dont la paroi est 
thermodurdssable insitu . cette pr^forme <tant radialement d^formable sous I'effet d'une 
prcssion hydraulique interne entre un 6Uii repli6 longitudinalement et un «iat ddplid 
sensibiement cylindrique. caractWstf par le fait qu'il comporle un <k)uipement (2) de pose 
dc la pr^fotme (8), montd k I'extr^miti d une tige de coramande tubulaire (13) desunde 5 
etre introduite dans le purts (P) ou dans la canalisation depuis une t£te de puits ( 12). cet 
^uipemenl comprenant : 
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a) un outillage de pose et de conudle (3) portani la prdforme (8). apte ^ 
foumir h cellc-ci le fluide hydraulique sous prcssion ndcessaire k son d^plicmenu ci 
I *energie theimique nfcessaire au durcissemeni de sa parot ; 

uf uii ivAtiivau oiiivviuic auiiuoiic uc i cAiiciiiiic uc la ugc (i^;, d 

5 rint^rieur duquel est enserr^e au moins paitiellement la pitfforme (8). et qui est rigide ou 
semi-rigide en directim longitudinale« mats est d^fonnable radiatement de sorte qu*il peut 
etre retirf de la prirorme (8) lorsque celle-d se trouve ii I *£tat d^li^. 

7 • Dispositir seion la revendication 6, caiact^ris^ par le Tait que ledit 
Tourreau amovibie (6) est un tube fendu. apte & s*ouvrir pour lib^rer ia pr^forme (8) au 
10 couis de son d^pliemenu 

8 . Dispositif selon I'une des revendications 6 ou 7, caract^ris6 par le Tait 
que la pr^rorme (8) est solidaire d*un manchon intdrieur arrachabie, radialement 
expansible, (9), i Piniirieur duquel est introduit le liqusde hydraulique fourni par 
routillage de tubagc (3) et servant k d^plier la pr^rorme (8), ce manchon (9) 6tant 
15 d^gonfld et s^par^ de la pr^forme (8) en fin d^op^ration, puis retire du puits ou de la 
canalisation en meme temps que Toutillage (3) et ie fourreau (6), 

9 • Dispositir selon Tune des revendications 6 & 8« caract^ris^ par le Tait 
que la prfrorme (8) est thermodurcissaUe, son chauffage ^tant r^isd par effet Joule par 
rintermedlaire d*un c&Ue ^lecirique ddformable (SO), ce demrer 6tant stocks sous un 
20 faiblc cncombrcment dans une douille (4) qui est tnterposde enlrc 1 *extrdmil^ de la tige de 
commande ( 13) et Poutillage (3) et est solidaire dudit Tourreau amovibie (6). 

1 0. Dispositif selon la revendication 9» caract^ris^ par le fait que ledit 
cfibic (50) a une longueur sensiblement 6gale k celle de la pr^forme (8*) mise en place. 

.11. Dispositif selon la revendication 10. caract^ris^ par le fait que la 
25 pr^foimc (8) est ddpliable et radialement extensible. 

1 2. Dispositif selon la revendication 1 1, caracidris^ par le fait que la 
prdforme (8) comprend un tressage de miches souples (700) s*enirecroisani avcc un 
certain jeu» de telle sorte qu'clle peut s*e.xpanser radialement tout en sc resircignani en 
direction &xiale« le matdriau constitutif de la prdforme txmx une r^ne (82) pol\*merisablc 

30 k chaud, dans laquelle est tiONi ledit u*essage (7(X)). 

13. Dispositif selon les revendications 8 i 12 prises en combinaison, 
caracierisc par le fait que ledit manchon (9) comprend dgalement un tressage de mdches 
souples enlrccrois^es (7(X)) aplcs k s'expanser radialement tout en se rcstrcignant en 
direction axialc, et qui sont emprisonnfes entre des peaux intdheure (90) et exterieure 

35 (91) souples. certaines desdites m&ches dcant remplacdes par des fits cpnducteurs 
d MIcctricitd aptes k chauffer la pr^fonne par eff et Joule, qui sont connectds dectriquement 
audit cible (50). 
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METHOD AND DEVICE FOR CASING A WELL, 
PARTICULARLY AN OIL WELL BORE OR A PIPE, 
USING AN IN SITU CURABLE FLEXIBLE TUBULAR PREFORM 

5 

The present invention concerns a method for casing a well, particularly an oil welt bore or 
a pipe, such as a gas pipeline or an oil pipe line for example, using a flexible tubular preform that 
is curable In situ , for example by thermosetting. 

The Invention also concems a device that enables this method to be implemented. 
10 In the present description and in the claims, the temn "casing" will be understood as being 

the action of strengthening a well, or a pipe, particularly for repairing it, and by lining the wall of a 
rigid tube, also called lining or cured-in-place pipe. 

The term "prefonm' is understood as being a tubular structure that is initially flexible and 
defonmable which, once placed in the area of the well to be strengthened, is made cylindrical in 
1 5 shape, applied against the waii of the weli or pipe, then hardened so that it binds closely to and 
remains on said watt, thus comprising the lining or cured-in-place pipe. 

For casing an oil well bore, as well as for similar applications, flexible curable preforms 
have already been proposed that are intended to be installed when longitudinally folded - a 
condition in which they take up a small amount of space radially - then are radially unfolded by 
20 application of an Interna! hydraulic inflation. According to this technique, which in particular is 
described in the documents FR-A-2 662 207 and FR-A-2 668 241, the prefomri has a strictly 
cylindrical shape of specifically determined diameter after being radially unfolded (or deployed). 

Another known type of preform, which is the subject of the international patent application 
WO-94/25655, In the name of the applicant, has a tubular structure of braided flexible strands. 
25 composed of fibers, which are interiaced with a certain spacing so that the structure can be 
expanded radially white being restricted in the axial direction by the effect of the application of an 
overpressure inside the prefonm. 

Thus, the expanston of the preform can be done in two successive stages, first by 
unfolding, then by radial expansion. In this way a degree of expansion is achieved that is cleariy 
30 greater than those obtained with the above-mentioned flexible preforms, which allows the prefomi 
to be inserted into the well to be cased, and to take it to the desired area 
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by making it pass through small openings, for example rigid conduits already in place in the well 
and that have a smaller inside diameter. 

This known technique is very attractive In that it makes it possible to plug holes that 
appear in a production well, without having to withdraw the casing already in place, and 
5 consequently without "killing the well." 

However, there are difficulties in implementing this technique when the well is highly 
deviated, that is. it has an axis forming a sharp angle to the vertical, and can even be horizontal 

Indeed, when the well is vertical, or appreciably vertical, the preform is naturally 
rectilinear (under the effect of gravity) and it descends steadily down the well while it is being 
10 installed. However, it risks being damaged by friction against the walls of the well or from the 
various restrictions found in the passage. 

Moreover, if the well is deviated or has elbows, the preform is deformed because of its 
flexibility, and it is positioned incorrectly in the axis of the well, which causes friction and even risk 
of blockage when it is being sunk. 
1 5 me installation of a preform in a highly deviated or horizontal well is therefore awkward, 

and even impossible in certain cdnfigurations. 

The invention intends to solve this problem by proposing a method and device for casing 
a well or a pipe, using an In situ curable flexible tubular preform that can also be applied with no 
problem to non-vertical wells or pipes or those that have an interior surfece that could risk 
20 damaging the preform. 

As with known methods, the preform is inserted into the well or pipe in the longitudinally 
folded condition. Then, when it has been properly positioned, it is inflated hydraulically to give it 
an appreciably cylindrical form, it is applied against the wall of the well or the pipe, and its wall is 
cured. 

25 The method according to the invention is notable in that, prior to inserting the preform into 

the well or pipe, it is inserted (temporarily) into a removable sleeve that is rigid or semi-rigid in the 
longitudinal direction, but is radially deformable, and the prefomn contained in its sleeve Is placed 
inside the well or pipe, said sleeve then, during the operation, being separated from the prefomn, 
and at the end of the operation, being removed from the welt or pipe. 

30 The preform is therefore enclosed in the sleeve during the entire phase of the descent 

into the well or pipe. Thus, this descent is done without difficulty, even If the well or pipe is highly 
deviated, or even 
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horizontal, or has a wall surface that risks ruining the preform. Preferably, the sleeve has a 
certain flexibility that enables it to follow curved or elbowed routes. 

In one preferential mode of the method, the preform is partially inserted into the sleeve so 
that its free end emerges from the sleeve a certain distance. 

In this case, at first only the portion of preform protruding from the sleeve is radially 
unfolded and applied against the wall of the well or pipe to obtain an anchorino area aftAr uuhi>h 
the sleeve is extracted by drawing it back (that is. toward the well head). 

This method applies particularly well to a prefomi which, after being radially unfolded and 
given a cylindrical shape, is radially expandable by hydraulic inflation. 

In this case, the separation of the prefonn from the sleeve is performed advantageously 
after the radial unfolding of the portion of the prefomi contained in the sleeve, after which the 
withdrawal of the sleeve and the radial expansion of this same portion are performed 
successively. 

The invention also concerns a device for casing a well, particularly an oil well bore or a 
pipe, using a flexible tubular preform, the wall of which is themnosetting in situ , this preform being 
radially defomnable under the effect of intemal hydraulic pressure between a longitudinally folded 
condition and an appreciably cylindrical unfolded condition. 

This device is notable in that it has equipment for installing the prefomi. mounted at the 
end of a tubular control shaft intended to be Inserted into the well or the pipe from a wellhead, this 
equipment being composed of: 

a) an installation and control tool carrying the preform, suitable for providing the preform 
with the pressurized hydraulic fluid needed for its unfolding, and when applicable, its radial 
expansion, as well as the thermal energy needed for the thenmosetting of its wall; 

b) a removable sleeve integral with the end of the shaft, inside which the preform is at 
least partially confined, and which is rigid or semi-rigid in the longitudinal direction, but is radially 
defomnable so that it can be withdrawn from the preform when the latter Is in its unfolded 
condition. 

Moreover, according a number of additional advantageous, non-limiting characteristics of 
the Invention: 

- the removable sleeve is a split tube, capable of opening to release the preform during 
its unfolding; 
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- the preform is integral with an interior extractable sleeve tube, radially expandable by 
hydraulic inflation, inside which is introduced the hydraulic liquid furnished by the installing and 
control tool and serving to unfold the preform, this sleeve tube being deflated and separated from 
the preform at the end of the operation, then removed from the well or pipe at the same time as 

5 the tool and the sleeve: 

- the preform is thennosetting and is heated by the Joule effect, by means of a 
deformable electrical cable that is stored in a small space in a shell that is interposed between the 
end of the control shaft and the tool and is integral with said removable sleeve; 

- this cable has a length that is appreciably equal to that of the installed preform; 
10 - the preform Is unfoldable and radially extendable; 

- the preform has a braiding of flexible sb'ands that are interlaced with a certain spacing, 
in such way that the preform can be radially expanded while being restricted in the axial direction, 
the materia! comprising the prefomi being a heat-curable resin in which said braiding is 
embedded; 

15 - the extractable interior sleeve tube, radially expandable, also (like the preform) has a 

braiding of interlaced flexible strands that can be radially expanded while being restricted in the 
axial direction, and which are enclosed between flexible interior and exterior skins, some of said 
strands being replaced by electrical conducting wires - that can heat the preform by the Joule 
effect - which are electrically connected to said cable. 

20 Other characteristics and advantages of the invention will appear from the description 

and the attached drawings that represent a preferential embodiment thereof. 
In the Figures: 

- Figure 1 is an overall diagrammatic view of a casing installation implementing the 
method of the invention; 

25 - Figure 2 is an overall view, in partial cross section, of the equipment for installing the 

preform; 

- Figure 3 represents a braiding of interlaced flexible strands that comprise the structure 
of the preform and of the sleeve tube that is used for the expansion of the preform; 

- Figure 4 is a diagrammatic transverse cross section of the sleeve tube and of the 
30 prefonm in the longitudinally folded condition; 

- Figure 4A is a similar view to Figure 4, representing the assembly In the unfolded 
condition; 
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- Figure 4B is a view similar to Figures 4 and 4A. representing the assembly in the 
unfolded and radially expanded condition; 

- Figure 5 is a diagrammatic view, in longitudinal cross section, of the assembly 
composed of the preform and its extractable interior sleeve tube; 

- Figure 6 is a larger scale detail of the area of the wall of the preform and of the sleeve 
tube that is referenced as V! in Figure 5; 

- Figures 7, 8. 9, 10, 12, 13. 14 and 15 are diagrammatic views similar to Figure 2. 
intended to illustrate the different successive stages of the installation of a casing in an oil well 
bore according to the invention, by means of the installation of Figure 1 ; 

- Figures 11 and 11A are transverse cross sections con^esponding resprotively to the 
cross section plane XI of Figure 7 and XIA of Figure 10. these views being intended to illustrate 
the way in which the preform is separated from its sleeve when it changes from the folded 
condition to the cylindrical condition. 

In Figure 1, the reference P designates the wall of an oil well bore, one section C of 
which must be cased; the wall C is for example a perforated bore. To access it, the restriction R 
must be passed through. 

The installation of casing, generally designated by reference 1. includes in a Icnown way 
a wellhead 12, a flexible tubular control shaft 13 having an interior electrical cable, a guide sleeve 
tube 11 for this shaft, and a device 10 used to push the shaft 13 into the guide sleeve tube 11 and 
into the well P. 

The free end of the control shaft 13 is provided with prefomi installing equipment, 
referenced 2. This equipment is composed essentially of a cylindrical shell 4 attached to the free 
end of the shaft 13. a stiffener sleeve 6 coaxial to the shell 4 and integral therewith, an installation 
and control tool 3 housed in the sleeve and attached to the shell 4. and a flexible preform 8 
intended to be installed in the well in order to strengthen it. 

The preform 8 is carried by an extractable interior expander sleeve tube 9, which the 
preform encloses, as is already known by WO-94/25655 as cited above and as will be described 
further on in reference particularly to Figures 5 and 6. The preform 8/interior sleeve tube 9 
assembly, initially coherent, is referenced as 7. 

The assembly 7 is enclosed in the sleeve 6 and held therein by friction. This friction also 
holds the tool 3. which is applied by its rear face against the shell 4. 

This assembly 7 is closed at its ends by plugs 92. The plug 92 oriented toward the rear, 
that is toward the wellhead, has a 
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conduit 30 passing through it which is connected to the tool 3. This tool has means capable of 
forcing back inside the sleeve tube, via the conduit 30, a pressurized fluid supplied to the device 
from the surface, that is. from the wellhead 12 by means of the tubular control shaft 13. or by 
pumping the liquid from the well by a pumping device contained in the tool 3. 

Moreover, the facility has an electric cable 5 which passes into the tubular shaft 13 and is 
electrically connected to the tool 3 by a flexible cable 50. The latter Is wound or folded so that it 
takes up little space, and it is housed in a cavity fomried in the shell 4. 

The cables 5 and 50 are used to supply electricity, via the tool 3, to the preform - interior 
expander sleeve tube assembly, in order to generate by the Joule effect the heat required for 
curing the wall of the preform, as will be explained further on. as well as to furnish the pumping 
energy for the tool 3 and to supply all of the necessary control systems equipping this tool. 

Of course, the electrical cun-ent is supplied from the surface, by a generator situated 
outside the well, connected to the cable 5 after It exits the device 10. 

As can be seen in Figure 2, the assembly 7 composed of the sleeve tube 9 and the 
preform 8. is not completely inserted inside the sleeve 6. 

The reference 71 designates the portion of this assembly that is located inside the sleeve, 
and reference 70 designates the portion that protrudes outside the sleeve. 

The external part has a length L© that is appreciably smaller than the length of the 
interior part 71. In that respect, it should be noted that this part 71 has been artificially 
foreshortened In the drawing (Figure 2), In order not to affect the legibility. 

By way of example, the length U is on the order of 1 meter, the length Li on the order of 
10 to 30 meters, and the length L2, which corresponds to the rest of the equipment (shell 4 and 
tool 3), on the order of 4 meters. 

As can be seen in Figure 1 1, the sleeve 6 is a cylindrical tubular jacket that is split, that is. 
not completely closed. This jacket. vA^\ch for example can be made from metal or plastic, has a 
certain longitudinal rigidity, but is easily deformable radially in the direction of its opening, as can 
be easily understood by comparing the Figures 11 and 1 1A. 

In one variation, the edges facing the split of the jacket can be joined by fasteners that 
can break easily when a certain threshold of internal pressure Is exceeded. 
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Preferably, the jacket is relatively flexible, thus allowing it to follow non-rectilinear paths 
(elbows and curves) by lateral deformation, while still advantageously stiffening the assembly 7 in 
the axial direction. 

In the example illustrated in Figures 3 to 5. the preform 8 and the interior sleeve tube 9 
both have a similar structure, composed of braided flexible interlaced strands as described in the 
above-mentioned document WO-94^5655, 

If needed, reference can be made to this publication, which shall be considered to make 
up part of this description by interpretation of Article L.612-5. 1st paragraph, of the Intellectual 
Property Code. 

It will be seen. In refening to Figure 3, that the flexible strands are distributed in two 
intertaced series 700a and 700b, forming a deformable tubular structure. 

The structure can be folded longitudinally, then - under the effect of an internal pressure 
- "made round," that is, formed Into a cylinder by unfolding. 

If it is then subjected to a higher internal pressure, a relative displacement is observed of 
both series of strands, which simultaneously results in a radial expansion and longitudinal 
shortening of the structure. 

The flexible strands are formed from fibers having good mechanical tensile strength, for 
example carbon or glass fibers, and they act as deformable reinforcement for the prcfomi and/or 
for the preform's expander sleeve tube. 

Figures 4, 4A and 4B represent respectively the assembly 7 in the longitudinally folded 
condition in order to have a small transverse dimension, this same assembly - referenced T - 
made round with diameter Di» and finally this same assembly - referenced T - in the radially 
expanded condition with diameter D2 appreciably greater than Di. 

The diameter and the radial expandability of the preform are chosen so that 
conresponds to the diameter of the area to be cased. 

As Figures 5 and 6 show, the flexible tubular prefomi 8 has a wall 82, made of a material 
that is initially fluid, In which braided concentric tubular structures 700 are embedded. The fluid 
material is a synthetic resin that is thermosetting by the heat-cure method. The prefonn is 
provided with an external skin 80 having an exterior face furnished with depressions 801 and 
reliefs 802 which promote its anchoring against the wall of the well and improve the seal. 

The extractable interior sleeve tube 9, which is called "matrix" in the above-mentioned 
WO-94/25655, has an interior skin 91 and an exterior skin 90, both of which are made of a 
flexible and elastic material, between which the braided defonmable structure 700 is located. The 
interface between the external skin of the sleeve tube and the interior wall 91 of the preform 8 
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is treated* for example by coating with silicone, so that there is little adherence between these two 
parts. 

The preform 8 closely sun-ounds the internal sleeve tube 9 which, as already mentioned, 
is sealably closed at both ends by plugs 92. The sleeve tube 9 is attached to the prefonn 8 by 
means of end collars 93. which have weakened areas 94 that can break easily. The introductton 
of a hvdraulic fluid into the sleeve ftjbe in ordpr to inflatp it — »nH rnrroiafiwAiw 
prefomn - is accomplished, as was already mentioned, by tubing 30 the end of which opens into 
the sleeve tube and one or more fluid passage openings 300. 

The tool 3 has one or more suitable valves that can be controlled from the surface, 
making it possible to inflate and deflate the sleeve tube by controlling the pressure during the 
operation, or a pumping device performing the same function by means of the well liquid. 

Some of the strands 700 of the sleeve tube are replaced by electrical conductors (heating 
wires) electrically connected to the cable 50. Thus, the heating of the internal sleeve tube, and 
correlatively of the preform, can also be controlled from the surface by electrical supply of the 
cables 5 and 50. 

We shall now describe an operation to install the prefomn 8 in a section C of the well. 

The assembly 7 fomied by the preform and the sleeve tube is in the longitudinally folded 
condition, as represented In Figures 4 and 11. In this condition, it represents a cylinder with a 
diameter Do that appreciably conresponds to the inside diameter of the split jacket 6 (see Figure 
11). 

This diameter Do is smaller than the diameter of the different conduits or other 
restrictions R located in the well, behind the area to be cased. 

As was already mentioned, only one part of the reduced length, in this instance the 
part 70, of the assembly 7 protmdes from the sleeve 6. As a result, the preform is supported for 
most of its length and it has (with its sleeve) sufficient rigidity to allow it to progress steadily inside 
the well, even if the well is totally or partially deviated. 

The installation head 2, and the preform, are therefore going to be pushed by the control 
shaft 13 In the well, pushing in progressively as symbolized by the arrow F in Figures 7 and 8. 
The hollow shaft 13, preferably of steel, has good axial rigidity which allows it to push the head 2 
in the well with no problem. However, it is sufficiently flexible to follow the elbows or other curves 
of the well. 

The wall of the well or pipe C has a certain area of perforations, or other openings O. that 
are to be covered by the casing, that Is, the cured preform. 

The pushing of the head 2 into the well is stopped when the protruding part 70 reaches 
just beyond the openings O. v^ich position con-esponds to the one illustrated in Figure 8. 

Appropriate means of control, known in the art, are provided in order to accomplish this 
proper positioning. 
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By Internal hydraulic inflation, the protruding part 70. and only this part, is first rounded 
out. then radially expanded to the diameter D2. which corresponds to the inside diameter of the 
well. 

Different means can be provided in order for the unfolding and radial expansion to be 
5 accomplished first on the portion 70. 

Thus, for example. It is possible to enclose the pan 71 by ring-shaped ties the 
mechanical strength of which is sufficient to prevent the unfolding of this portion under the action 
of a moderate intemal pressure, but still sufficient to cause the deformation of the free portion 70. 
Thus an anchoring is obtained of the portion 70 against the wall of the well, in front of the 
1 0 perforations O (see Figure 9). 

Increasing the inflation pressure causes the breakage of the ring-shaped ties that contain 
the portion 71. Thus, a radial unfolding and rounding of the prefomi portion 71 is achieved, which 
has a diameter Di (see Figure 10). 

Followng this unfolding, the split sleeve 6 opens and takes a generally U-shaped 
1 5 configuration, referenced as 6' in Figure 1 1 A. 

It remains integral, by its rear extremity, with the shell 4. 

In this configuration, the sleeve is easily extractable and can slide on the rounded 
prefomn by pulling it backwards. This pulling, symbolized by the arrow G in Figure 12. is 
accompanied by placing the part 50 of the cable under tension. 
20 The complete tensioning of the cable 50 corresponds to the complete withdrawal of the 

sleeve, the length of the cable being chosen to correspond to the length of the casing. The 
withdrawal is done easily because the preform Is anchored in the well. 

Once the deformed sleeve 6' has been completely removed from the preform, the 
inflation pressure is increased to cause the complete radial expansion of the assembly 7. which 
25 assumes the diameter D2 (Figure 13), while becoming shorter axially. 
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The whole of the preform is then applied closely against the wall of the well C, covering 
the perforations O. 

In a known way, while maintaining the sleeve tube under hydraulic inflation, the Joule 
effect is used to cure the resin the preform is made of, by supplying electricity to the heating wires 
provided in the sleeve tube. 

Upon completion of the curing, the sleeve tube 9 Is deflated and separated from the 
hardened preform - which has become casing 8* - by breaking the collars 93 (Figure 14). 

New tension G' is then placed on the shaft 13, which is always integral with the shell 4 
and the open sleeve 6' so that, by means of the tightened cable 50 on the tool 3 and the deflated 
sleeve tube 9 (see Figure 15). 

The assembly can thus be removed from the well. 

Different forms of removable stiffener sleeves could be provided; this sleeve should have 
good longitudinal rigidity while having the necessary flexibility for passing through a non- 
rectilinear chamber. It must open easily to release the prefomn. and its thickness must be small to 
limit the amount of radial space it requires. 

Moreover, it must be able to close up during its passage through the restrictions R in 
order to remove them, due to an appropriate shape, for example slightly conical. 

The diameter and the suitability for radial expansion of the preform, and con^elatively of 
the sleeve, will be chosen based on the conditions actually encountered, and in particular on the 
diameter of the area of the well to be cased. By way of non-limiting example, 'the diameter Do of 
the preform when folded may be on the order of 60 to 100 mm. its "rounded" diameter D, v/ill be 
on the order of 90 to 150 mm, and its expanded diameter D2 will be on the order of 170 to 220 
mm. 

The technique covered by the present invention is applied advantageously to a flexible 
preform that can be both unfolded and radially expanded; however, it would not be beyond the 
scope of the invention to apply it to preforms that can simply be unfolded but can not be 
expanded, such as those described, for example, in the above-mentioned documents 
FR-A-2 662 207 and FR-A-2 668 241. 

The curing of the preform is not necessarily done by the Joule effect. This could be 
achieved by other heating means, in particularly by introducing a hot liquid into the preform. This 
liquid could be the remainder of the liquid used to inflate. 

The portion of the free end of the preform, intended to provide for its initial anchoring, 
could have a greater deformability than the rest of its wall, for example by adopting a lesser wall 
thickness or choosing a different material. This would make it possible to release the ties 
mentioned above. 
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CLAIMS 

1. Method for casing a well, particularly an oil well bore or a pipe, using an in situ curable 
flexible tubular preform, according to which the preform is introduced into the well or pipe in the 
longitudinally folded condition, then - when it has been property positioned - It is inflated 

5 hydraulically to give it an appreciably cylindrical form, it is applied against the wall of the well or 
the pipe, and its wall is cured, characterized by the fact that prior to inserting the preform (8) into 
the well or the pipe, it is inserted into a removable sleeve (6) that is rigid or semi-rigid in the 
longitudinal direction but is radially deformable, and the prefomi (8) contained in its sleeve (6) is 
placed inside the well or pipe, said sleeve (6) then being separated from the prefomi (8). and 
1 0 removed from the well or pipe. 

2. Method according to claim 1. characterized by the fact that the preform (8) is partially 
inserted into the sleeve (6) so that its free end emerges therefrom a certain distance (U). 

3. Method according to claim 2, characterized by the fact that at first only the portion of 
preform protruding from the sleeve (6) is radially unfolded and applied against the wall of the well 

15 or pipe to obtain an anchoring area, after which the sleeve (6) is extracted by drawing (G) it back. 

4. Method according to any of claims 1 to 3. characterized by the fact that a preform (8) is 
used that, after being radially unfolded and given a cylindrical shape, is radially expandable by 
hydraulic inflation. 

5. Method according to claim 4. characterized by the fact that the separation of the 
20 preform (8) from the sleeve (6) is performed after the radial unfolding of the portion of the preform 

contained in the sleeve (6), after which the stripping of the sleeve (6) and the radial expansion of 
this same portion of the preform are performed successively. 

6. Device for casing a well, particularly an oil well bore or a pipe using a flexible tubular 
prefomi the wall of which is themnosetting in situ , this prefomi being radially deformable under the 

25 effect of intemal hydraulic pressure between a longitudinally folded condition and an appreciably 
cylindrical unfolded condition, characterized by the fact that it has equipment (2) for installing the 
preform (8). mounted at the end of a tubular control shaft (13) intended to be inserted into the well 
(P) or the pipe from a wellhead (12). this equipment being composed of: 
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a) an installation and control tool (3) canying the prefomn (8). suitable for providing the 
prefonn with the pressurized hydraulic fluid needed for its unfolding and the thermal energy 
needed for the thermosetting of its wall; 

b) a removable sleeve (6) integral with the end of the shaft (13). inside which the prefomi 
(8) is at least partially confined, and which is rigid or semi-rigid in the longitudinal direction, but is 
radially defwriable so that it can be withdrav^r. fronr. ths preform {8) when the iaiier is in its 
unfolded condition. 

7. Device according to dalm 6, characterized by the fact that the removable sleeve (6) is 
a split tube, capable of opening to release the prefonn (8) during its unfolding. 

8. Device according to either of claims 6 or 7, characterized by the fact that the prefomi 
(8) is integral with an interior extractable radially expandable sleeve tube (9), inside which is 
introduced the hydraulic liquid fumished by the casing tool (3) and serving to unfold the prefomi 
(8), this sleeve tube (9) being deflated and separated from the preform (8) at the end of the 
operation, then removed from the well or pipe at the same time as the tool (3) and the sleeve (6). 

9. Device according to any of claims 6 to 8. characterized by the fact that the prefomi (8) 
is thermosetting and is heated by the Joule effect, by means of a deformable electrical cable (50) 
that is stored in a small space in a shell (4) that Is interposed between the end of the control shaft 
(13) and the tool (3) and is integral with said removable sleeve (6). 

10. Device according to claim 9. characterized by the fact that the cable (60) has a length 
that is appreciably equal to that of the installed prefomi (8*). 

11. Device according to claim 10, characterized by the fact that the preform (8) is 
unfoldabie and radially extendable. 

12. Device according to claim 11, characterized by the fact that the preform (8) has a 
braiding (700) of flexible strands that are interlaced v/ith a certain spacing, in such way that the 
prefoma (8) can be radially expanded while being restricted in the axial direction, the material 
comprising the prefomi being a heat-curable resin (82) in which said braiding (700) Is embedded. 

13. Device according to claims 8 to 12 taken in combination, characterized by the fact 
that the said sleeve tube (9) also has a braiding (700) of interlaced flexible strands that can be 
radially expanded while being restricted in the axial direction, and which are enclosed between 
flexible interior (90) and exterior (91) skins, some of said strands being replaced by electrical 
conducting wires that can heat the preform by the Joule effect, which are electrically connected to 
said cable (50). 



[see original for figures] 
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